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Spring Street Bridge ég
(Marsh Rainbow Arch Bridge)

HA¥YR No. WI-37

Location: Spanning Duncan Creek, carrying traffic from Eest
Spring Street. City of Chippewa Falls, Chippewa
County, Wisconsin

UTM: 15.627000.4976920
Quad: Chippewa Falls

Date of Construction: 1916

Designer: Jemes Barney Marsh

Present Owner: City of Chippewa Falls

Present Uae: Vehicular and pedestrian traffic

Significance: The Spring Street Bridge is Wisconsin's only remaining

example of the patented Marsh Rainhow Arch bridge
design. James Barney Marsh, a native of North Lszke,
Wisconsin, developed designs for the concrete and steel
structure and patented his innovations in 1912. The
bridge remains completely intact, inecluding the
original ornsmental lamp standards and globes.

Historian: Edwin Cordes
Wiscongin Historic Bridges Recording Project
Summer 1987
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HISTORICAL DOCUMENTATICN

The Spring Street Rainbow Arch Bridge is Wisconsin's only remaining example of
the J. B. Marsh patented design.l The concrete and steel structure spans a
gmall creek in the residential area of Chippewa Falls. Built in 1916, the
bridege replaces an earlier span which collapsed only six months after ite
congtruction. The graceful bowstring arch with its massive concrete exterior
ig a landmark for the area and remains in excellent conditionm.

DESCRIPTION

The Spring Street Bridge crosses Duncan Creek with a total clear span of 93
feet. Total width of the bridge is 29 feet, 3 inches. 4 20-foot roadway
crosses the structure and contains one 8-~foot sidewalk. The nassive arch forms
are composed of steel truse work encased in concrete. The bridge design
received its nickname "rainbow arch" because of the characteristic enlargement
of the arch forms as they approach the abutments. The arch, which has & total
rise of 20 feet, expands from 3 feet radially at the crown to over 52 inches

at the gpringing points, The floor deck is hung from the arches, uaing eight
ateel hangers per side also enclosed in concrete. BSteel I-beams attached to
the hangers support the roadway.2

411 of the original ornamental and aesthetic components of the brlidge remain.

A cast cement railing integrated into the arch and vertical members encloses
the structure. Original casgt steel lamp standards with ionic capitols and
glass globes stand at all four corners of the bridge. The interior railing
contains a cast plaque identifying the Iowa Bridge Company of Des Moines as the
contractor and crediting the Board of Public Works and other key politiciansg as
instrumental in +the bridge's construction.

The bridge plate reads:?)

Marsh Rainbow Arch Bridge
Patented August 6, 1912
Built By

Jowa Bridge Company
Deg Moines
1916

Board of Public Works
Geo. B. Dee Mayor, W.M, Bowe City Atty., J.T. Hurd City Eng.
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SITE DEVELOPMENT

The history of the Spring Street crossing is filled with much superstition asnd
many calamities, including at least two desths and many reported losses of
personal property. Reports labeling the crossing a 'hoodoo' reach as far bsck
as the early 1880s.4 The earlieet vietim of the Spring Street crossing was

a highway workman named Jeff Murphy who died when a dump cart he was operating
while filling the east abutment broke away and fell down the embankmsnt. In
1880, an iron bridge collspsed while Louis Blum, who was driving a wagon loaded
with Leinenkugel beer, was crossing. The mishap killed one of the horses and
destroyed a complete shipment of beer, causing many of the city residents to
"die of thirst."® Paul Felix, s local contractor was killed in 1911 while
working on the underside of the bridge. While Felix removed a scaffold, a
large timber struck him in the head.

On July 20, 1915, the previocus steel truse bridge across Duncan Creek at Spring
Street was deemed unsafe. The City Board of Public Works proceeded to
advertise for bids on a new concrete etructure at this site. The contract was
‘awarded on August 27th to the lowest bidder, Thomas E. Wooley of La Crosse,
Wieconsin, for a price of $7,947. The concrete span was completed by

Dacember 7, 1915, and accepted by the city.7

On Sunday, April 1, 1916, the concrete bridge collapsed under the pressure of
the annual spring floods. Publiec outrage at the failure of the new astructure
led the Common Council to adopt a resolution to conduct sn investigstion and
gue the person reepongible for ite collapse. The investigation coneluded that
Wooley wes not at fault. The bridge's collapse resulted from severe flooding,
the hasty completion before the winter freeze, snd the improper design of the
center pler footings.8 The rubble from the bridge was bulldozed by a crevw

of expert stone wreckers from Camp Guthrie and the abuitments made ready for a
new span for a total cost of $1,120.9

In June 1916, the City Common Council requested that the city engineer prepare
plans and eetimatee for a new bridge at Spring Street. The city engineer,

J. T, Hurd, recommended a concrete reinforced concrete etructure, since a steel
structure would be of no savings, due to the war's inflation of metsl prices.
Hurd's plans ¢slled for a simple three-centered arch span with neo-classical
styling. On June 21, a request for bids on the project was announced in the
locsl papers. The notice also etated that alternative deeigne by the
contractors would alsc be considered.lO

Bids were received from three companiee by the July 18 deadline. The Iowa
Bridge Compsny of Minneapoclis, Minnesota, received the contract for
construction of a concrete arch etructure according to the plane of the Marsh
. Pngineering Company of Des Moines, Iowa. Other companies bidding for the
contract were the Illinois Bridge Company of Chicago and the Illinois Bridge
Company of Jacksonville, Illinocis. The Iowa Bridge Company’'s Marsh deeign
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estimate was substantially lower than their bid on the city engineer-designed
structure. The company's total bid was $13,950. The City Couneil estimated
that a considerable amount of money could be saved by employing the present
abutments and reusing additional reinforcing steel the c¢ity had on hand. The
total estimate was eventually reduced by $1,300.11

The Iowa Bridge Company's bidding was supervised by company executive Grant
Montgomery. While this was the firat bridge of its kind in Wisconsin,
Montgomery assured the council of the design's strength and widespread use in
Europe. The company had recently completed a number of these type of bridges
for the Federal Government in Yellowstone Park. Montgomery personzlly
gupervised completion of the span, and the bridge opened to pedestrian traffic
on October 15, 1916.12

CONSTRUCTION

The Marsh Arch design eliminated many of the time consuming tasks involved in
traditional concrete construction. Complete steel trusses were employed for
reinforcement in the arches. The steel trusswork was assembled on the ground
and then liffed in place. Angle ironsg placed in sets of four, eight to a side,
were attached to the arch and served as the hangers for the deck. Steel truss
nembers were also used for the bottom chords. The steel trusses were used to
gupport their own formwork, thus eliwminating the need for costly and time
consuming falsework construction beneath the structure. Large steel I-heams
were welded to the hangers across the width of the bridge. After formwork was
attached to these beams, the contractor poured the concrete decking. Once the
deck had cured, concrete casting began on the arches and hangers.13

The Spring Street design is of the fixed type, meaning that both ends of the
massive arches are set securely into the concrete embankments. Variations of
the basic patented design allowed for arches set on cast steel rockers,
allowing & minimal amount of movement. In the Chippewa Falls example, the
entire amount of force generated by the bridge is absorbed as horizontal thrust
of the arches in the embankments.

J. B. MARSH

James Barney Marsh, the man whose name identifies these unusual bridges,
received a pateant for his innovations on August 6, 1912 (United States Patent
nuber 1,035,026).14 Born in North Lake, Wisconsin, in 1856, Marsh moved to
Iowa, where he attended Iowa State University at the age of 18. The inventor
received a degree in mechanical engineering in 1882. After graduation, Marsh
accepted a position with the Des Moines office of the King Bridge Company of
Cleveland, Ohio, and made patented improvements on the company's standard metal
bowstring truss bridge. By 1896, the engineer's independent thinking and
ambition led him to form the Marsh Bridge Company. Marsh began experimentation
with concrete bridge construction. By 1909, the compan{ had expanded numerous
times and was now called the Marsh Engineering Company. 5
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Marsh's patented bridge design parallels the design of similar structures in
Eurcpe. M. A. Considere, a well-known French engineer, constructed a concrete
arch structure in PFrance in 1904. Marsh's patented design followed eight years
later. The inventor's rainbow arch design, however, received limited
acceptance throughout the United States. A number of bridges according to
Marsh's design were built in the Midwest, especially in Ohio, but the design
never became an industry standard. The chief advantages of the Marsh system
included the ability to construct a concrete bridge with minimal weight and
floor thickness, while still permitting maximum headroom below the deck. The
span 18 also protected from the elements by its concrete outer shell.
Horizontal web members were eliminated, since all tension was exerted on the
vertical hangers.16 The resulting structure was also more aesthetically
pleasing than standard plate girder concrete construction.
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UNITED STATES PATENT OFFICE.

JAMYS B. MARSH, OF DES MOINES, IOWA.

BREINFORCED ARCH-BRIDGE

100150020,

Specification of Letters Patent.
Application filed November 1, 1911,

Patented Ang. 6,161 2.
Scrist Mo, 858,080

To all whom it may concern:

Be it known that L Jaaes B, Magsn, a
citizen of the United States, resuding nat
Des Moines, in the canmty af Palk and State
of Luwa, liave invented certain new and
neeful Inprovements in Reinforeed Areh-
Bridges, nnd 1 declure the faullawing to
be a full, elear. nud exnct deseription of the
invention, snch as will ennble others skilled
in the urt to which it nppertains ta muke nud
nse the same,

Thi= invention relates to bridges, nnd
maore cspecinlly to those emploving nrches;
miud the ubject of the snme is primmrily to
constriet the bridge of reinforewd concrete
and in such n manmer that the latter may ex-
pand and cuntract nnder vavying eonditions
of temperature nnd muisture,  This nnd
otlier object= are carried out by tlie con-
structiun hereiafter more fully described
and claiied und ns shown in the drawings
wherein—

Figure 1 i= a side elevation of this bridge
complete. with the arch pnrtly in section;
Fig. 2 is .a contral hgitudinal sectional
view thereof: Fig. 3 is n cross sectiun on the
line 3—3 of Fiz. 1 showing lmt one half of
the bridge ns the uther is like thisy Figs,
4 and 3 are seetional views on the lines 4—4
il 33 respeetively of Fig, 33 Fig, 6 isn
section on the line t—6 of iz 2, the smme
being taken on 0 smaller seale than Figs, 3,
4 and  Fig, © s 0 seetiun on the line 7—7
of Fig I, nnd Fig 8 i n section on the Hne
fis af Fim 75 151 s 0 section an the tine
a—-t of I 1. this view being taken on a
sminller =cale thun Figs, 7 andd 85 Vigs. 10
amd 11 are a <ble elevation pnd evoss section
{on the line 11-=11 of Fig, 10) respectively
of one of the wear plates: and Figs. 12 and
13 wre perspective details thereef which will
be vefervedd to heveinafter: Figo 14 s a0 plan
view shnwiag the bipping of the parapet on
the bridge with lat un the abatment: Fig,
15 13 0 sicde elevation of ane of the alatments
partly breken away to show it in secticn,

and Fig 16 < a plan view thereaf; Fig 17
is a longitndinl vertieal cection on an en- |

lurged seale tuken on the hine 17--i7 af
Fig, 15 .

Broadly spenking the ebject of the proes-
ent invention is. tu comstenet an nreh hridge
of reinforeml ennercte in siell mnuner us to
permit ef a limited amannt of exjansion

- -

and cantrretiem batly of the nrehes and of the !

floor which are, of conrse, the langest mem-

bers of the bridge. DBroadly spenking, the
parts of this structure ns shown in the draw-
ings ure two abmtments (which conlil be
prers) Py n pair of arclies A (Ils[msctl be.
tween wnd springing from said wlotnents
the floor 1% curried by und between said
areches and renching from one nbntinent to
the other where it nlmes with the spproaches,
amd the parapets ar rails B slong oppesite
sites of the Au«r line, These severn‘ paris
will now be described.

The sbntiments P might well be piers be-
tween spans of a longer bridge than shown
as nbove suggested, but in the present in-
stance they are tlinstrated as camposed of
two side walls 1 which are of concrete snr-
reunding a metallic reinforce composed of
horizontal rods @ and npright rods & formed
into uny suitable type of skeleton frame-
work; bruces 2 comnerting these walls at
suitable points and also of reinforeed con-
erete struetnre; front or inner eross walls 3
conneeting the inner edges of the side walls
and rising to about the same height, these
front walls also being of reinfarced eon-
erete structure and their skeleton frawe-
works ¢ interloeking with those in the side
wills: and footings 4 under nll these wally,
in which footings may be embedded piles &
us best seen in Fig, 2,

The arehes A nre by preference two in
wimber, and ns they are duplientes of ench

85

other T will deservibe bt one. Fhese spring -

from points 6 withdn the bases 3 of the nhnt-
wments Poopass thrangh the frant walls 3 and
el ar curve aver the steennd being spanned,
their curvature being such ns ta earey their
erowns abave the line of the Nluar F fur qnite
some distanre at twe center of 1he hridge,
und their distanee apart beingg sueh ws to
perit the interposition of a loar ¥ of snf-
licieut widlth, Tt s quite pessilde ta haild
a browder bridge than one with w single
drive-wny s illustrated i Fig 0, Lo otiliz-
e tloee e perhaps foue of suclcamles, all
dizposd sile Ty side and i steiet pavallel-
isny hit the present speeiliention will de.
seribe e simplost tvpe of betidge, the nn-
derstuding beiuge thig emaplilications @l

95

10§ -

be made withot departing from the prin.

cijde of nry inventiun,

Stractaral details of the arelh sl are
shown at the togs of Fies 3l L By juvf-
erence it conprises twa nnsle s N, Twe
neatl them two other angle irons 9 whivl
are parallel witls the nngle e 8 g to

110
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“':llltll Tt whivh lr_\‘ prefervnee diverge
slightly: from them i their upright plane
ward the exteemities of the arcl as seen in
Fig. 1. amd oldique braves or Iattice-work 10
contetingr four angle irons at fregquent in-
tervals: the rectangular <keleton framework
thu= ]lﬂ"'!llll'l‘tl being ewbeddod in a1 om-
crete bev! - 11 of proper consisteney, size,
configuration ninl color, and molded therein
aud thereon iy any apquroved menns form-
mg no part of the present invention. Rivet.
ed ta the ahgle iras & aml 9 at proper
puints ave plates 12, to which o ten ame
river el :mgL- ivons 1% and 4 ctamling iu
mmllelisin with each other wind einmocted at
mtervals by suitnble bseees 13 and all fogm-
g apright skeleton steuctnee depemnling
froon the weell A wnl constitoting with it=
surromiuding and iwclesing body 16 of oon-
crete o hawger by nenns of which the floor
F i supported from the mieh A, As seen
in Iig. 1, for o hvildge of the size aml shapwe
ilfnsteates] there would he alumt five of sueh
hungers. wnd the wfion line of Fig, % is
taken thrmeh the lnngest which s at the
venter of the nveh. By prefevence the wietal-
lie feamewark of eaeh Inger consists of two
sngle irons 13 awl twa others monberel
Theofuur in all—and nenr their laower emls
there are plates 17 nul 8 riveted ontside of
the anter 1eons 14 and inside the fuer inms
13, and other plates 1% and 20 at hawver
paints nx shawn in Fieg, 35 and the lower
ends af the severnl irons are ﬁmnl’\' cu-
neeted by allige Teaces 21, eversthinge he-
ing of ceanese cnrvonnded by the eonerets

ey 105, The npper plates 17 aml 18 of

-

enrh lmmeer ave rotnected with the similar
]llzllt'~ uf 1he llilll;.!vl' Gppesie |i_\‘ s af
evass rods 22, preferabily hnviog depress.al

centers 23w seen in Fig 3 awl the Tower !

plutes 19wl 20 are similavly connecte

with the cormspaaling plates an e appo-
site lomzer Ty dower evoss pals 210 4t o

S1 wnmerted Dy erose podds 22 having de.
premsas] centers B, their Jower partinns con-
ureres] T o nmber of cvess minds 31 anter-
poeed between sabl alepresed conters ntud
passinge thromeh the lower portions uf. :Iu'
plutes 310wl several upper cross rxls 30—
all making wp n skeloton framework which
is mrrnnmlc-dl by a conerele hody 36 malded
thereon in the umnner above snggested so
that thne benms integenlly eonnect the arches
ut 1hewe two points,

The roiling or parapet R may, of conrse,
hnve any fanreiful lesign Inl exsentinlly
comprises o luand rail 40 and preferbly in-
elinles another or mid-rail 41, hoth in the
prsent instnnee formed of a conerete bexdy
surrmunding one or more metnllic ren.
forees, mud estemling the full length of the
lrillge,  Where lhese rrils pnss the hang-
e, the lntter support them ns seenin Fig,
G: where lhey pass the heams (at_points
where the avrhes cross the floor line nx
aliove deseribeil) these rils are supported
on upright posts 42 ns best seen in Figa. 7
aml 95 and at bhothy emdds of 1The arch these
rails are conneeted integrally with eml poats
43 which staun]l sbove the cross walls 3 of
thie nlmtments B, so that Thal porlion of the
povapet. wmbered Hoand iilt wpon the
nbntment Tms its own posl 43 onlsile gnid
el post 43 amd is entirely sepurate fram
that portion whirh is enrried by 1he brilge
I'H'Il wr,

The flunr F of this improyed bridge com-
prizes A eonerete shib o budy 50 molded
npan and snrponnding transverse rods 58 at
intevvals erossing the series of Iongitudinal
wires ¥8 which weve deseriled nhove ns ex-
tewling thranghont the length of the bridge
ned whieh form the skeleton veinforce for
thix =lab, nnd at both edges of the e nre
enrhs S alsa by prefevence veinforced by
ralds G the snrface of The flir Ieing 2

*lilling of earth or nuy suitalle ninterinl, 53,

tervals these Tome et porls 28 a2 ave
canght in the laand of 0 U-shapual voke 25 ns

ween it i, o, the upper exteenities of the
side wrms of =il voke Twing lTosnt oonwaed
as shown ot 26 s us to pass over s verse

vods 97 whieh in e pest npon hzzitdis |
el rods 28 that extend  thesaghont he

lengrth of the floosr In achlitiom, af desired,
other paeees 2wy bealisposed ax tnthieated]
in dutted liwes in Fie 3, nd theses may he
tokeu ns typienl of amplifientions of the
metallic framewiak which is embedded in
and snrronnded by a conerete Tundy 30 mald-
el theveypon wnd therenvannl in any snit-
nhle wav ps nhove simaeste], i this man
wer i hnilt np whant wight be cadled = ties ™
erossing 1he hridire straetare und connertinge
the luwer owls of the lmngers o prs,
Where the nrvehes oross the floce line oveng
wint might lo enllel * henms™ Dest illns.
truted in Figs, T and B Here are side plntes

Iving upon said slah and digposed between
thievnrhis. The latter where they pass 1he
lianger are extendal  outward “wnl  inte-
grally nnired therewith, ov in alher words
the hanger s sliomldered ns seen at 4 in
i, 6 =0 that it i< united jntegeally wilh
the el 312 Tt wlhere the eoavbs pass 1he
nrelies nlave the bonms alrendy deseribed,
they are free from spid aeehes W= jnd teated
in Fig. 7. wwl in fact the entire slab 50 i
frev from the hesms ot these poinls on the
beidge wherss it is moldal antegeal with
the ties where it crosses Tiem wid the trans-
verse peinfaree rnds of snid ties are con-

cneeted with the lougitudinng]l rods 928 by

|
|

wirnns of the yokes 23 ns above described.

Thisaletuil of constenetion neeramts for the

numerans eross risds 34 in 1lhe Lepmx -
stend of the two eross rods 24 in (he lies,
nul also for the presence of the NPPET eToss
rods 35 in the bonms: ax the latter must be
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self-rustaining Ietween their points of in.°

tegral connection with the areles A, where-
ax the ties are integrally connected with
and huwmrtul by the lmugers It are also
integra

are therefore not wecessarily self-sustaining,
It will be meen. therefore, that in the type
of bridge illstrated the floor F, the ties,
the haugers supporting thew, and thoese por-

¥ comected with the {or F and

tionx of the arches 1o which soid hangers

are conneeted, all constitite one unitary re-
Inforved conerete stenetire ) the extremitics
of the flior beyvond the endinost hangers
pruject over the beamsrand Ietween the two
arches nnd rest npon the end wallz 3 of the
two abutwents P, while the arches are Jis-
vomeeted from the floor at these points;
wnd the parmpets ave integreal with the hang-
ers where they pass thew, sopported on

jumition of the wear platesx jud deseribed,
tin the other lamle the expansion and con-
traction of 1he floor ¥ muy cnnse its ends to
et e er said bearos, and this is accoramo-
dived in the smine manner.

What is cluimed as new Is: .

L In a hridge, tYie combinntion with the
ubntinents, parupets along the side walls
thereof. a pair of arches springing from
points in the abatments below the upper
edges of their walls, and benms integmlly
comecting suid nrches at two points be-
1ween the abmments; of a floor of rein-
forred conerete whose extremities rest slid-
abty on the front walls of ~nid abutments

“und whase bidy overlies said beams, flat

their own posts above the benns, sand sup- -

perted ut their extremities on individnal
pests 43 thsh winh and nising from the twa
extremitios of the floor F. IHence the arches
nuy expand and contraet 10 allow for
chunges ‘i temperninre and other climntie

. conditions mud the extremities of the floor

will slide upon the walls 3 in a maaner
whicli will I elenr.

Wear plites 60 enrried by headed pins 61
are supported beneath the slab 50 of (he

floor at puims over said bemn by having'!
" snid lingers in peirs, n floar eonsisting of

snid pins molled into the =lab as shown i
Fig. 7: and thewe plates rest upun other

plutes 62, prefevably haviag side flanges 63, !

and whicl nre snpported by the beam n any
siitable wmnner a= by rivets or studs 64

nudded thervinto.  Detnils of these plates
are =sllown on slivet 3 of the deawings, and

Fig:, 7 aud 8 illustrate their nse,  During |

the expansion or coatraction of the wem- !

bers of this improved bridge on aeconnt uf:.
climatic clanges or the stress of weight |

npn it the rise and fall of the arches doe
to their longitnding] expension und contrie-

tion muy envse the bewms to wove slightly :
bLenentli the ends of the floor, and this i

accommodated by the discoancetion of the

lein =treture and the slnb und the inter- ;

wenr plates seenred respectively to the bheamis
il floar and in sliduLlc contact with each
other, posts rising fram the edges of said
flonr, the endmost pusts standing  inside

" these on the anslpets, and rails connecting

thie posts on the flnor,

2 In a reinforced concrete bridge, the
combination with the abutments, n pair of
arches integral with and springing from

poiats low in the inner wialls of said abut-

! ments, and twa bearns integrally eonnecting

suil nrclies ut points adjaeent the abut.
meuts; of hangers depending from the
arches in pairs between said %enms, cross
ties integrvally connecting the Iower ends of

u depressel body and raised curbs along its
edges, the bhody formed integral with said
ties and slidably monnted on said berms and
parapeis and the enrbs formed integral with
said hangers but separnte from said arches,
fhut wenr plates seenred respectively to said
beans nud o {he flsor where if crosses them,
nad a filling upon the Ledy of the floor be.
twren its enrbs.

In testimony whereof 1 have herennto set
my Iumd in presence of two subseribing wit-

nesses,
JAMES B. MARSIL -
Witnesses :
I 11 Fhraxacax,
N. E. Mansat,

Coples of this patent may be obtalned for five rents each, by addressing the » Commissioner of Patents,
‘Washington, B C.»
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J. B, MARSH.
REINFORCED ARDE BRIDOEL.
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